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Purpose: The spontaneous seroconversion rate of hepatitis B e antigen (HBeAg)-positive chronic hepatitis B (CHB) 
virus infection in children is lower than that in adults. However, few studies have investigated the rate of transition 
from the immune-tolerant to the early immune-clearance phase in children. 

Methods: From February 2000 to August 2011, we enrolled 133 children aged <18 years who had visited the 
Department of Pediatrics, Kyungpook National University Hospital. All subjects were in the immune-tolerant phase 
of HBeAg-positive CHB virus infection. The estimated transition rate into the early immune-clearance phase was 
calculated using the Kaplan-Meier method. 

Results: Among the 133 enrolled pediatric CHB virus infection patients in the HBeAg-positive immune-tolerant phase, 
only 21 children (15.8%) had converted to the early immune-clearance phase. The average age at entry into active 
hepatitis was 1 0.6±4.8 years. The incidence of transition from the immune-tolerant to the early immune-clearance 
phase in these children was 1 .7 episodes/1 00 patient-years. When analyzed by age, the estimated transition rate 
was 4.6%, 7.1%, and 28.0% for patients aged <6, 6-12, >12 years, respectively. 

Conclusion: In children with CHB virus infection, the estimated rate of entry into the early immune-clearance phase 
was 28.0% for patients aged 12-18 years, which was significantly higher than that observed for children aged < 12 
years (11.7%; p=0.001). 
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INTRODUCTION ms infection in children is influenced by the age at in- 



The natural history of chronic hepatitis B (CHB) vi- fection, host immunologic response, viral genotype, 
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fection, geographic region, ethnicity, mode of in- 
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and concurrent infection with other viruses [ 1 ] . Most 
hepatitis B virus (HBV) infections acquired during 
adulthood present as acute hepatitis and have low 
conversion rates (5-10%) to chronic hepatitis or be- 
coming a hepatitis carrier. However, HBV infection in 
the perinatal period or early childhood usually pro- 
gresses to chronic infection, with a significant pro- 
portion of chronically infected patients developing 
liver cirrhosis and hepatocellular carcinoma. In fact, 
it is reported that more than 90-95% of perinatal in- 
fections and 30% of infections in children aged < 6 
years result in chronic hepatitis [2]. 

According to studies of the natural history of CHB 
virus infection, the timing of hepatitis B e antigen 
(HBeAg) seroconversion varies from childhood to 
adulthood, and occurs markedly between the ages of 
15 and 35 years [3]. In Asian countries, vertical trans- 
mission (from highly infectious mothers to their ba- 
bies) is an important route for HBV infection. Most 
carrier mothers experience delayed seroconversion in 
their 30s and 40s [4]. Many studies have reported on 
the natural history of CHB virus infection, including 
HBeAg seroconversion, but studies on the transition 
from the immune-tolerant phase to the early im- 
mune-clearance phase are rare. Therefore, in the 
present study, we aimed to elucidate the timing of the 
transition from the immune-tolerant phase to the 
early immune -clearance phase in children with CHB 
virus infection. 

MATERIALS AND METHODS 

Patient population 

From February 2000 to August 201 1, we enrolled a 
total of 133 children aged < 18 years who had visited 
the Department of Pediatrics, Kyungpook National 
University Hospital (KNUH). All of the enrolled sub- 
jects were in the immune-tolerant phase of CHB virus 
infection. This cohort study was approved by the in- 
stitutional review board of KNUH (IRB No. KNUH 
2013-04-057). 

Inclusion criteria 

Patients were considered to be in the immune-tol- 



erant phase of CHB virus infection when they ex- 
hibited positive results for hepatitis B surface antigen 
(HBsAg) and HBeAg, negative results for hepatitis B 
surface antibody (anti-HBs) and hepatitis B e anti- 
body (anti-HBe), elevated HBV DNA titers for at least 
6 months, and persistently normal serum aspartate 
transaminase ( AST)/alanine aminotransferase (ALT) 
levels since birth. 

Exclusion criteria 

Patients were excluded from the study if they 
showed high levels of ALT at the time of the hospital 
visit, were transferred from another hospital during 
treatment, were co-infected with other viruses, for ex- 
ample hepatitis C virus, Epstein-Barr virus, Cytome- 
galovirus etc. were immune-compromised hosts, had 
other known metabolic or immune disorders, or had 
decompensated liver diseases, or other causes of liver 
disease such as steatohepatitis. 

Patient follow-up 

During follow-up periods, serum HBeAg (by using 
a commercially available electrochemiluminescence 
immunoassay (ECLIA) method; Roche Diagnostics, 
Indianapolis, IN, USA), HBV DNA (by real-time poly- 
merase chain reaction [PCR]; Roche COBAS 
AmpliPrep/Taq-Man96 real-time PCR assay; Roche 
Diagnostics, Mannheim, Germany; detection limit 12 
IU-mL), and AST/ALT titers were monitored at inter- 
vals of 3-6 months until the occurrence of elevation of 
the AST/ALT levels. During follow-up period, children 
were regarded as being in the early immune-clear- 
ance phase if the elevation of the AST/ALT levels ( > 
1.5 times of the upper limits of normal value) per- 
sisted for more than 6 months without any evidence 
of systemic infection, because nonspecific reactive 
hepatitis is not uncommon in such young children. 
No known specific evidence for systemic infection or 
other causes of liver disease were noted at the time of 
regarding immune-clearance phase. 

Analysis plan 

Patients were monitored at shorter intervals of 1-3 
months if the AST/ALT titers were elevated. Entry into 
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the early immune -clearance phase was considered 
when AST/ALT titers were elevated to at least 1.5 times 
over the upper limits of normal for a period of at least 
3 months. The period to onset of active hepatitis was 
analyzed. If HBeAg seroconversion (HBeAg clearance 
plus undetectable HBV DNA by real time PCR) occurs 
during follow-up at the end of the immune -clearance 
phase, its implications were analyzed. 

Statistical analysis 

Statistical analysis was conducted using SPSS 
Statistics 17.0 (SPSS Inc., Chicago, IL, USA). All val- 
ues are expressed as the mean ± standard deviation 
(SD). Between age groups, differences were analyzed 
using unpaired Student's t-tests for the comparison 
of continuous variables, and p-values of <0.05 were 
considered statistically significant. The estimated 
transition rate from the immune -tolerant phase to 
the early immune-clearance phase was calculated us- 
ing the Kaplan-Meier method. The cumulative pro- 
portion of children transitioning to the early im- 
mune-clearance phase were evaluated with Wald 
statistics, which can correct wide confidence 
intervals. 

RESULTS 

Demographic data of enrolled patients 

A total of 133 children (78 male, 55 female; 1.4 : 1 ) 
were in the immune -tolerant phase were enrolled. At 
the time of their first visit, their mean age was 
6.9±4.9 years (mean±SD; range, 0-14.5 years) 



(Table 1 ). There were no significant demographic dif- 
ferences between patients aged > 6 years and those 
aged < 6 years. Most patients (98.5%) had a maternal 
history of CHB virus infection, suggesting that they 
were infected by vertical transmission. The mean du- 
ration of observation since birth was 9.5 years (range, 
1.3-18.0 years), should it be tracked since birth. 

Transition to the early immune-clearance phase 

Transition to the early immune-clearance phase 
was observed in 21 of the 133 children (15.8%), in- 
cluding 13 males and 8 females (M : F, 1.6 : 1 ); no no- 
table differences were observed between these male 
and female patients. The mean age at entry into the 
early immune-clearance phase was 10.6±4.8 years 
(range, 1.7-16.9 years). Among the 21 patients in the 
immune-clearance phase, spontaneous HBeAg sero- 
conversion occurred in 2 patients, whereas 17 pa- 
tients were treated with an antiviral agent such as 
lamivudine. The remaining 2 patients were lost to fol- 
low-up. During treatment, AST, ALT, HBeAg, an- 
ti-HBe, and HBV DNA titers were monitored every 3 
months. Lamivudine treatment was continued for at 
least 1 additional year after the occurrence of HBeAg 
seroconversion. 

Patients who entered the early immune-clearance 
phase were observed for 100 person-years during 
which they developed 1.7 events of active hepatitis. 
The remaining 112 children persisted in the im- 
mune-tolerant phase during 1,036 person-years of 
observation. The maximum follow-up period was 12 
years (range, 1.3-18.0 years), should it be tracked 



Table 1. Baseline Demographic Data ol Patients at Initial Visit 




Age (y) 
Male : female 
ALT level (IU/L) 
HBV DNA level 
>10 8 IU/mL 
<10 8 IU/mL 
Mean±SD 



(4.7: 



123 
10 

z3.2)X10 6 



61 

3 

(5.7±3.3)X10 6 



(4.3 



31 
10 

z3.3)X10 6 



25 
5 

(4.9±3.5)X10 6 



NS 



Values are presented as mean ± standard deviation (SD) or number only. 
NS: non- significant (p>0.05). 
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Fig, 1. Cumulative proportion of children transitioning from 
the immune-tolerant phase to the early immune-clearance 
phase analyzed using the Kaplan-Meier method (n=133). 
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Fig. 2. Transition rate from the immune-tolerant phase to the 
early immune-clearance phase according to the patient age. 



since birth. None of the children dropped out of the 
study within 6 months of enrollment. 

The proportion of patients transitioning to the ear- 
ly immune-clearance phase, as calculated by the 
Kaplan-Meier method, was estimated at 4.6% in the 
group aged < 6 years, 1 1.7% in the group aged < 12 
years, and 39.7% in the group aged < 18 years (Fig. 
1). The transition proportion in the children aged 
12-18 years (28.0%) was significantly higher than the 
transition proportion among patients aged < 12 
years (11.7%; p= 0.001) (Fig. 2). 

Clinical course of phase-converted patients 

As of the time of writing, HBeAg seroconversion had 
occurred in 17 children among the 19 who entered the 
early immune-clearance phase, including the cases of 
spontaneous HBeAg seroconversion. In 13 of the 17 
patients (76.5%), HBeAg seroconversion had occurred 
during a 4-year follow-up period. However, HBeAg se- 
roconversion has not yet occurred in 2 of the 19 who 
converted to early immune -clearance, and these pa- 
tients continue to receive treatment. 

DISCUSSION 

The rate of spontaneous HBeAg seroconversion has 
been reported to vary according to a patient's geo- 
graphical region, age, and ethnicity. In Korea, Yoon et 



al. [5] reported that spontaneous HBeAg seroconver- 
sion occurred in 16% of adult patients with CHB virus 
infection annually. The rate of seroconversion in older 
patients was higher than that in younger patients. In 
comparison with the seroconversion rate in Asia, 
where HBV is highly endemic, Evans et al. [6] found a 
higher spontaneous HBeAg seroconversion rate in 454 
chronic Asian-American carriers of HBV. They also 
found higher seroconversion rates among individuals 
aged 18-34 years (23%) than among those aged < 18 
years (15%). The major mode of HBV transmission may 
explain the low spontaneous seroconversion rate in 
Asia [7] . In Asia, HBV infection is endemic and usually 
transmitted by perinatal vertical transmission from 
mothers in a prolonged immune -tolerant phase of CHB 
virus infection. In addition, higher HBeAg sero- 
conversion rates have been reported in horizontally in- 
fected children than in those infected perinatally [1], 
The rate of spontaneous seroconversion is lower in 
children than in adults. In Taiwan, Chang et al. [8] 
reported that the annual HBeAg clearance rate was 
low (<2%) during the first 3 years of life but in- 
creased with age (4-5% in children aged >3 years 
and 10-14% for children aged 10-14 years). In Korea, 
Kim et al. [9] followed 214 children with CHB virus 
infection for 20 years and reported cumulative spon- 
taneous HBeAg seroconversion rates of 8% for those 
aged <5 years, 11% for those aged < 10 years, and 
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35% for those aged <19 years. Therefore, sponta- 
neous HBeAg seroconversion occurred in approx- 
imately one-third of HBV-infected children, which is 
higher than previously reported [4]. These data are 
similar to our findings regarding the transition rates 
from the immune-tolerant phase to the early im- 
mune-clearance phase in different pediatric age 
groups. We observed the transition to the early im- 
mune-clearance phase in 21 (15.8%) of 133 children 
in the present study. Among these 2 1 patients, spon- 
taneous HBeAg seroconversion occurred in 2 patients 
without treatment, and 17 patients were treated with 
an antiviral agent. The cumulative proportion of chil- 
dren transitioning to the early immune-clearance 
phase was estimated to be 11.7% in patients aged 
< 12 years and 39.7% in patients aged < 18 years. 

Ethnicity has not been found to affect the HBeAg 
seroconversion rates between children and adults. 
Marx et al. [1] studied the long-term outcome of 174 
HBeAg-positive children living in the United States 
who comprised a heterogeneous group with diverse 
ethnic origins. However, they reported a lower cumu- 
lative seroconversion rate in Asian-born children, pre- 
dominantly vertically infected, as compared to all the 
other ethnic groups (75% vs. 94% by Kaplan-Meier 
analysis, p < 0.05 ) after 13 years of follow-up. 

As stated above, there are many published studies 
on the seroconversion rates that have used HBeAg se- 
roconversion as the endpoint of the immune-clear- 
ance phase. From a clinical standpoint, it is more im- 
portant to elucidate the time of conversion to active 
hepatitis, which is the early stage of the im- 
mune-clearance phase, to determine the optimal time 
to start treatment. However, there is little research 
covering this clinically significant turning point. 

Although most CHB virus infection patients are 
asymptomatic, a long-term immune-clearance phase 
influences the development of complications such as 
liver cirrhosis. Because early management to shorten 
the duration of the immune-clearance phase is im- 
portant for resolving hepatic inflammation, monitor- 
ing of liver function in immune-tolerant patients at 
regular intervals is necessary to detect the time of 
transition to the immune -clearance phase as early as 



possible. Many guidelines recommend that adult pa- 
tients in the immune -tolerant phase should be moni- 
tored at intervals of 3 to 6 months [10-12]. In chil- 
dren, follow-up should be performed at least every 3 
to 6 months, similarly to the follow-up guidelines for 
adults [13]. 

In the present study, we investigated the rate of 
transition to the immune-clearance phase according 
to age, in order to re-establish monitoring intervals. 
However, this study has several limitations. It is a ret- 
rospective cohort study of Korean children, in whom 
vertical transmission and genotype C are predom- 
inant [ 14]. We regarded CHB virus infection children 
with normal AST/ALT titers for at least 6 months as 
carrier in immune -tolerant phase since birth. This 
contention is based on assumption that conversion to 
the immune-clearance phase could occur only once 
in early life. The cutoff point of AST/ALT titers at 1 .5 
times over the upper limits of normal for defining en- 
try to the early immune-clearance phase was de- 
termined arbitrarily. However, HBeAg sero- 
conversion occurred in most children who transi- 
tioned to the early-clearance phase either sponta- 
neously or with antiviral therapy [15-18]. 

Nevertheless, our report confirms that the tran- 
sition rate to the immune-clearance phase is very low 
in children aged < 12 years. Therefore, it may be ad- 
visable to extend the follow-up interval from the cur- 
rently recommended 6-month follow-up interval for 
Korean children. Moreover, monitoring at 1-year in- 
tervals could be considered for children aged <6 
years, in whom conducting short-term follow-up is 
not easy, since the transition rate in this age group 
was only 4.6%. However, further studies are needed 
to optimize follow-up intervals in children with CHB 
virus infection. 
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